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(54) Dialysis apparatus 

(57) An apparatus hemodiafiltration (1 ) presenting a 
filter (6); a first tube (3) for feeding blood from an artery 
(4) to the filter (6); a second tube (8) for feeding blood 
from the filter (6) to a vein (9) communicating with the 
artery (4) via a fistula (10); and a machine (13) for pre- 
paring the dialysis solution whereby toxic substances are 
removed from the blood in the filter (6); the apparatus 
(1) also presenting means (18) for varying the quantity 
of saline ions in the blood fed along the second tube (8); 
means (1 6) for detecting the quantity of saline ions in the 
blood fed along the first tube (3); and means (21) for 
processing the above findings, to define a parameter in- 
dicating the amount of purified blood recirculated from 
the vein (9), via the fistula (10), to the artery (4), and 
therefore indicating the effectiveness of the treatment. 
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Description 

The present invention relates to a dialysis appara- 
tus. 

As is known, patients subjected to dialysis treatment 
present a fistula hydraulically connecting the artery from 
which the blood to be purified is drawn, to the vein into 
which the purified blood is fed; and one of the parameters 
best indicating the effectiveness of the treatment is the 
amount of purified blood fed from the vein, via the fistula, 
to the artery, and back into the external blood circuit. 

It is an object of the present invention to provide a 
dialysis apparatus featuring a device tor detecting the 
amount of purified blood recirculated into the external 
blood circuit. 

It is a further object of the present invention to pro- 
vide a method of determining the amount of purified 
blood recirculated into the external blood circuit. 

According to the present invention, there is provided 
a dialysis apparatus comprising: 
a filter assembly; 

a first tube for feeding the blood to be purified from 
an artery of the patient to said filter assembly; 

a second tube for feeding the purified blood from 
said filter assembly to a vein of the patient, said vein com- 
municating hydraulically with said artery via a fistula; and 

a dialysis machine for preparing the dialysis solu- 
tion whereby the toxic substances in the blood are re- 
moved by said filter assembly; 

characterized in that it comprises: 

means for varying the percentage quantity of saline 
ions in the blood fed along the second tube; 

first means for detecting, after said variation, the 
percentage quantity of saline ions in the blood fed along 
the second tube; 

second means for detecting, after said variation, 
the percentage quantity of saline ions in the blood fed 
along the first tube; and 

means for processing the above findings, to define 
a parameter indicating the amount of purified blood re- 
circulated from said vein, via said fistula, to said artery, 
and therefore indicating the effectiveness of the dialysis 
treatment. 

According to the present invention, there is also pro- 
vided a method of determining the amount of purified 
blood recirculated into the external blood circuit in a di- 
alysis apparatus comprising: 
a filter assembly; 

a first tube for feeding the blood to be purified from 
an artery of the patient to said fitter assembly; 

a second tube for feeding the purified blood from 
said fi Iter assembly to a vein of the patient, said vein com- 
municating hydraulically with said artery via a fistula; and 

a dialysis machine for preparing the dialysis solu- 
tion whereby the toxic substances in the blood are re- 
moved by said filter assembly; 

characterized in that it comprises: 

a first step in which means vary the percentage 



quantity of saline ions in the blood fed along said second 
tube; 

a second step in which means detect the percent- 
age quantity of saline ions in the blood ted along said 
5 second tube following said variation; 

a third step in which means detect the percentage 
quantity of saline ions in the blood fed along said first 
tube following said variation; and 

a fourth step in which means process the above 
to findings; the outcome of said processing indicating the 
amount of purified blood recirculated from said vein, via 
said fistula, to said artery, and therefore indicating the 
effectiveness of the dialysis treatment. 

A preferred, non-limiting embodiment of the present 
is invention will be described by way of example with ref- 
erence to the accompanying drawings, in which: 

Figure 1 shows a block diagram of a dialysis appa- 
ratus; 

20 

Figure 2 shows an operating block diagram of the 
Figure 1 apparatus. 

Number 1 in Figure 1 indicates a dialysis apparatus 
2S comprising: 

a known haemofilter 2; 

a tube 3 for feeding the blood to be purified from 
an artery 4 (shown schematically) of the patient to the 
inlet of haemofilter 2; 
30 a preferably peristaltic pump 5 along tube 3; 

a known haemodialyzer 6; 

a tube 7 for feeding the blood from haemofilter 2 to 
the inlet of haemodialyzer 6; 

a tube 8 for feeding the purified blood from haemo- 
35 dialyzer 6 to a vein 9 of the patient, said vein 9 commu- 
nicating hydraulically with artery 4 via a fistula 10; 

a tube 11 for feeding to a drain (not shown) the ul- 
trafiltered fluid withdrawn from the blood by haemofilter 
2; 

40 a conductivity sensor 1 2 along tube 1 1 ; 

a known dialysis machine 1 3 for preparing the di- 
alysis solution whereby the toxic substances in the blood 
are removed by haemodialyzer 6; 

a known haemofilter 14 along tube 8; 
45 a tube 1 5 for feeding to a drain (not shown) the ul- 

trafiltered fluid withdrawn from the blood by haemofilter 
14; 

a conductivity sensor 16 along tube 15; 
a conductivity sensor 1 7 along tube 3; 
50 a device 1 8 for infusing, upstream from haemofilter 

14, saline ions into the blood fed along tube 8; and 

an electronic control unit 21 for controlling pump 5, 
machine 13 and device 18, and to which sensors 12, 15 
and 1 7 are connected. 
55 Control unit 21 comprises a central data processing 
unit 22, a memory block 23, and a timing block 24, and 
is connected to a keyboard 25 and a display 26. 

As is known, blood substantially comprises red celts, 
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white cells, platelets, and plasma which in turn substan- 
tially comprises water, protein and saline ions; and a con- 
ductivity sensor generates an electric signal proportional 
to the electric conductivity of the fluid under examination. 
If the fluid being examined is blood, its electric conduc- 
tivity is proportional to the percentage quantity of saline 
ions contained in it, so that a conductivity sensor instal led 
along an external blood circuit generates an electric sig- 
nal proportional to the percentage quantity of saline ions 
in the blood. 

It is also known that the ultrafiltered fluid is perfectly 
equivalent to plasma with no protein, so that a conduc- 
tivity sensor installed along the ultrafiltered fluid circuit 
generates an electric signal proportional to the percent- 
age quantity of saline ions in the blood from which the 
ultrafiltered fluid is derived. In other words, sensor 17 de- 
termines directly the percentage quantity of saline ions 
in the blood fed along tube 3, sensor 12 determines in- 
directly the percentage quantity of saline ions in the 
blood fed along tube 3, and sensor 16 determines indi- 
rectly the percentage quantity of saline ions in the blood 
fed along tube 8. 

The method of determining the amount of purified 
blood recirculated into the external blood circuit substan- 
tially comprises: 

a first step to vary the percentage quantity of saline 
ions in the blood fed along tube 8; 

a second step to detect the percentage quantity of 
saline ions in the blood fed along tube 8 following said 
variation; 

a third step to detect the percentage quantity of sa- 
line ions in the blood fed along tube 3 following said var- 
iation; and 

a fourth step in which the above findings are com- 
pared; the outcome of comparison indicating the amount 
of purified blood recirculated from vein 9 via fistula 10 to 
artery 4. 

As already stated, the amount of purified blood re- 
circulated constitutes a parameter whereby to evaluate 
the effectiveness of the treatment. 

The percentage quantity of saline ions in the blood 
fed along tube 8 may be varied in several ways. 

In a first solution of the first step, using a syringe, the 
operator injects a predetermined quantity of saline ions 
into tube 8; and, after infusion, the operator enables con- 
trol unit 21 via keyboard 25, to determine by means of 
the sensors the percentage quantity of saline ions along 
the various tubes, and to process the incoming data to 
determine the amount of purified blood recirculated from 
vein 9 to artery 4. 

In a second solution of the first step, once control 
unit 21 is programmed via keyboard 25, device 18 pro- 
vides for feeding a predetermined quantity of saline ions 
into tube 8. As already stated, device 18 is controlled by 
unit 21, and may provide for a single infusion, or (with 
the aid of block 24) for a series of programmed timed 
infusions for continually controlling the amount of purified 
blood recirculated from vein 9 to artery 4. In this case, 



infusion is automatically enabled by control unit 21 . and 
the relative data is processed after each infusion By way 
of example, device 18 may be designed and operate in 
exactly the same way as a straightforward heparin pump. 

5 A third solution of the first step provides for varying 

the operating characteristics of machine 13, e.g. the 
composition and supply of the dialysis solution, etc. In 
this case also, control unit 21 , by controlling machine 1 3, 
provides for automatically varying the percentage of sa- 

70 line ions along tube 8, and for processing the relative 
data after each variation. 

A fourth solution of the first step provides for invert- 
ing filter assembly 2, 6 for as long as required for the 
findings, which temporary alteration to the external blood 

15 circuit may be made either manually or by means of a 
device controlled by unit 21 . 

In any case, the processing results may be memo- 
rized in block 23 for retrieval prior to the next dialysis 
treatment, thus enabling recirculation of the purified 

20 blood and hence the effectiveness of the treatment to be 
controlled between one treatment and the next. The 
processing data and results may also be displayed on 
display 26. 

By way of example of the operation of apparatus 1 , 

25 an operating cycle will now be described with reference 
to Figure 2. From a start block 100, a block 101 enables 
sensor 17 or 12 to determine the percentage quantity A 
of saline ions in the blood along tube 3, enables sensor 
16 to determine the percentage quantity V of saline ions 

30 jn the blood along tube 8, and provides for memorizing 
the detected value A in a first table in block 23, for mem- 
orizing the detected value V in a second table in block 
23, and for initiating (t=0) timing block 24. Block 101 then 
goes on to block 102 which, after a predetermined sam- 

35 pling time tc (e.g. 15 seconds), enables sensor 17 or 12 
to once more determine the percentage quantity A of sa- 
line ions in the blood along tube 3, and enables sensor 
16 to determine the percentage quantity V of saline ions 
in the blood along tube 8. Block 1 02 then goes on to block 

40 103 which determines whether the dialysis treatment is 
terminated, by comparing the time lapse (t) from initiation 
of block 24 with the dialysis treatment time (set by the 
operator via keyboard 25). In the event of a positive re- 
sponse, block 103 goes on to end-of-cycle block 105; 

45 conversely, block 103 goes on to block 104. 

Block 1 04 compares the values A and V detected in 
block 102 with the values A and V memorized respec- 
tively in the first and second tables, and then goes on to 
block 106 which determines whether values A and V are 

50 stable, i.e. whether the outcome of the comparison be- 
tween the values A and V detected in block 102 and the 
values A and V memorized in the first and second tables 
is below a respective predetermined threshold value As, 
Vs. In the event of a positive response, block 106 goes 

55 on to block 108; conversely, block 106 goes on to block 
107; and both blocks 107 and 108 provide for deleting 
the values A and V currently memorized in the first and 
second tables, and for entering into the first and second 
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tables the values A and V detected in block 102. Block 
1 07 then goes back to block 1 02 to determine (after time 
lapse tc) further values A and V. The aim of the routine 
defined by blocks 102, 104, 106, 107 is to find values A 
and V (subsequently memorized in block 1 08) which may 
be considered stable in time. That is, each sampling time 
tc, values A and V are sampled until the difference be- 
tween them and the previously memorized values A and 
V is below respective threshold values As and Vs. 

Block 108 goes on to a block 111 wherein the oper- 
ator is requested (via display 26) to enable measurement 
of the saline ion recirculation index R. Alternatively, a 
program may be memorized in block 23 for automatically 
enabling measurement of index R. Block 111 then goes 
on to block 112 which determines the response of the 
operator and/or the presence of said program in block 
23. In the event the operator enables measurement of 
index R via keyboard 25, and/or the presence of said en- 
abling program in block 23 is determined, block 112 goes 
on to block 1 1 3; conversely, block 1 1 2 goes back to block 
111. 

Block 11 3 provides, according to one of the solutions 
described above, for varying the percentage quantity of 
saline ions in the blood fed along tube 8, and takes the 
time t elapsed so far as the start time ts of the variation. 
Block 113 then goes on to block 114 which enables sen- 
sor 17 or 12 to determine the percentage quantity A of 
saline ions in the blood fed along tube 3, enables sensor 
16 to determine the percentage quantity V of saline ions 
in the blood fed along tube 8, and provides for memoriz- 
ing the detected value A in a third table in block 23. and 
for memorizing the detected value V in a fourth table in 
block 23. Block 114 then goes on to block 115 which, 
after a predetermined sampling time tc (e.g. 15 sec- 
onds), enables sensor 17 or 12 to again determine the 
percentage quantity A of saline ions in the blood fed 
along tube 3, enables sensor 16 to determine the per- 
centage quantity V of saline ions in the blood fed along 
tube 8, and then goes on to block 116 which determines 
whether the values A and V determined in block 1 1 5 are 
below the values A and V memorized in the third and 
fourth tables. In the event of a positive response, block 
116 goes on to block 117; conversely, block 116 goes on 
to block 118 which deletes the values A and V memo- 
rized in the third and fourth tables, memorizes in the third 
and fourth tables the values A and V determined in block 
115, and then determines whether the difference be- 
tween the time elapsed so far and the start time ts of the 
saline ion variation operation exceeds a given time val- 
ue. In the event of a negative response, block 1 18 goes 
back to block 115; conversely, in the event of a positive 
response, block 118 goes on to block 121 which enables 
alarm signals (not shown) in that, even after a predeter- 
mined time lapse from the start of the saline ion variation 
operation, increasingly high values A and V have been 
determined, which may indicate a malfunction of appa- 
ratus 1 . The routine defined by blocks 1 1 4, 1 1 5, 1 16, 1 1 8 
is aimed at finding peak values A and V within a series 



of values A and V determined after each variation of the 
saline ions. That is, for each sampling time tc, values A 
and V are sampled until the peak values A and V are 
determined. In block 117, the values A and V memorized 
s in the third and fourth tables are processed to define an 
index R indicating the amount of purified blood recircu- 
lated from vein 9 via fistula 10 to artery 4, and defined, 
for example, by the percentage ratio between peak value 
V and peak value A. 
io The advantages of the present invention will be clear 
from the foregoing description. 

In particular, it provides for an apparatus which, on 
the basis of a set variation in the saline ions in the blood 
fed along tube 8, and on the basis of a number of find- 
1$ ings, provides for determining the amount of purified 
blood recirculated, and so evaluating the effectiveness 
of the dialysis treatment. 

The'advantages of the present invention will be clear 
from the foregoing description. 
20 in particular, it provides for an apparatus which, on 
the basis of a set variation in the saline ions in the blood 
fed along tube 8, and on the basis of a number of find- 
ings, provides for determining the amount of purified 
blood recirculated, and so evaluating the effectiveness 
2S of the dialysis treatment. 

Clearly, changes may be made to apparatus 1 and 
the method as described and illustrated herein without, 
however, departing from the scope of the present inven- 
tion. 

30 in particular, sensor 16, like sensor 17, may be in- 
stalled along tube 8 to directly determine the percentage 
quantity of saline ions in the blood fed along tube 8; ap- 
paratus 1 may present a further pump along tube 8; and 
sensors 12, 16, 17 may be either invasive or noninva- 

35 sive. 
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1) A dialysis apparatus comprising: 
a filter assembly (2, 6); 

a first tube (3) for feeding the blood to be puri- 
fied from an artery (4) of the patient to said filter 
assembly (2, 6); 

a second tube (8) for feeding the purified blood 
from said filter assembly (2, 6) to a vein (9) of the 
patient, said vein (9) communicating hydraulically 
with said artery (4) via a fistula (10); and 

a dialysis machine (1 3) for preparing the dial- 
ysis solution whereby the toxic substances in the 
blood are removed by said filter assembly (2, 6); 

characterized in that it comprises: 

means (18) for varying the percentage quan- 
tity of saline ions in the blood fed along the second 
tube (8); 

first means (16) for detecting, after said varia- 
tion, the percentage, quantity of saline ions in the 
blood fed along the second tube (8); 
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second means (17 or 12) for detecting, after 
said variation, the percentage quantity of saline ions 
in the blood fed along the first tube (3); and 

means (21) for processing the above findings, 
to define a parameter indicating the amount of puri- 
fied blood recirculated from said vein (9), via said 
fistula (10), to said artery (4), and therefore indicat- 
ing the effectiveness of the dialysis treatment. 

2) An apparatus as claimed in Claim 1, character- 
ized in that said first (16) and second (17 or 12) 
detecting means comprise respective electric con- 
ductivity sensors. 

3) An apparatus as claimed in Claim 2, character- 
ized in that said second detecting means comprise 
a conductivity sensor (17) installed along said first 
tube (3). 

4) An apparatus as claimed in Claim 2, character- 
ized in that said filter assembly comprises a first 
haemof ilter (2) from which extends a third tube (11 ) 
for channeling the ultrafiltered fluid; and said second 
detecting means comprise a conductivity sensor 
(12) installed along said third tube (11). 

5) An apparatus as claimed in Claim 2, character- 
ized in that said first detecting means comprise a 
conductivity sensor (16) installed along said second 
tube (8). 

6) An apparatus as claimed in Claim 2, character- 
ized in that it comprises a second haemofilter (14) 
installed along said second tube (8) and from which 
extends a fourth tube (15) for channeling the ultra- 
filtered fluid; and said first detecting means comprise 
a conductivity sensor (16) installed along said fourth 
tube (15). 

7) An apparatus as claimed in any one of the fore- 
going Claims, characterized in that said means (18) 
for varying the percentage quantity of saline ions in 
the blood fed along said second tube (8) comprise 
a syringe by which the operator injects a predeter- 
mined quantity of saline ions into said second tube 
(8). 

8) An apparatus as claimed in any one of the fore- 
going Claims from 1 to 6, characterized in that said 
means (18) for varying the percentage quantity of 
saline ions in the blood fed along said second tube 
(8) comprise a device (18) controlled by said 
processing means (21 ), for infusing a predetermined 
quantity of saline ions into said second tube (8). 

9) An apparatus as claimed in Claim 8, character- 
ized in that said device (18) provides for a single, 
fixed infusion of saline ions. 
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10) An apparatus as claimed in Claim 8, character- 
ized in that said device (18) provides for a number 
of timed, programmed infusions of saline ions. 

11) An apparatus as claimed in any one of the fore- 
going Claims from 1 to 6, characterized in that said 
means (18) for varying the percentage quantity of 
saline ions in the blood fed along said second tube 
(8) comprise means (21) for varying the operating 
characteristics of said dialysis machine (13), e.g. for 
varying the saline composition of the dialysis solu- 
tion, for varying the supply of the dialysis solution, 
etc.. 

12) An apparatus as claimed in any one of the fore- 
going Claims, characterized in that said processing 
means comprise an electronic control unit (21 ) in 
turn comprising a central data processing unit (22), 
a memory block (23), and a timing block (24); said 
control unit (21 ) also being connecting to a data pro- 
gramming keyboard (25) and a programmed data 
and processing result display (26). 

1 3) A method of determining the amount of purified 
blood recirculated into the external blood circuit in a 
dialysis apparatus comprising: 

a filter assembly (2, 6); 

a first tube (3) for feeding the blood to be puri- 
fied from an artery (4) of the patient to said filter 
assembly (2, 6); 

a second tube (8) for feeding the purified blood 
from said filter assembly (2, 6) to a vein (9) of the 
patient, said vein (9) communicating hydraulically 
with said artery (4) via a fistula (10); and 

a dialysis machine (1 3) for preparing the dial- 
ysis solution whereby the toxic substances in the 
blood are removed by said filter assembly (2, 6); 

characterized in that it comprises: 

a first step in which means (18) vary the per- 
centage quantity of saline ions in the blood fed along 
said second tube (8); 

a second step in which means (16) detect the 
percentage quantity of saline ions in the blood fed 
along said second tube (8) lollowing said variation; 

a third step in which means (17 or 12) detect 
the percentage quantity of saline ions in the blood 
fed along said first tube (3) following said variation; 
and 

a fourth step in which means (21 ) process the 
above findings; the outcome of said processing indi- 
cating the amount of purified blood recirculated from 
said vein (9), via said fistula (10), to said artery (4), 
and therefore indicating the effectiveness of the dial- 
ysis treatment. 

1 4) A method as claimed in Claim 1 3, characterized 
in that it comprises a step, prior to said first step, 
wherein a number of values are detected along said 
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first tube (3) and along said second tube (8) until the 
detected values differ from corresponding previ- 
ously detected values by a quantity below a corre- 
sponding predetermined threshold value. 

5 

15) A method as claimed in Claim 13 and/or 14, 
characterized in that, in said second and third steps, 
a number of values are detected within a predeter- 
mined time t until a respective peak value is attained; 
said peak values being taken as those correspond- 10 
ing to the percentage quantity of saline ions in the 
blood fed along said first tube (3), and to the per- 
centage quantity of saline ions in the blood fed along 
said second tube (8) following the set variation in the 
quantity of saline ions in the blood fed along said is 
second tube (8). 



20 



25 



30 



35 



40 



45 



SO 



SS 



6 

BNSDCCIO: <EP 0693297A1_I_> 



EP 0 693 297 A1 



European Patent EUROPEAN SEARCH REPORT 

Office EP 95 11 1272 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Y 
Y 



A 
A 



Citation of document with indication, where appropriate, 
of rdevoat passages 



EP-A-0 516 152 (BELLCO S.P.A.) 

* abstract; claims 1,2; figure 1 * 

EP-A-0 590 810 (COBE LABORATORIES, INC.) 

* column 1, line 11 - column 4, line 32 * 

* column 6, line 17 - column 7, line 3 * 

* column 7, line 57 - column 8, line 53; 
claims 6-21; figures 1-4 * 

EP-A-0 547 025 (GAMBRO AB) 

* abstract * 

* column 1, line 45 - column 2, line 46; 
claim 1; figures 1-4 * 

EP-A-0 428 927 (FRESENIUS AG) 

EP-A-0 291 421 (HOSPAL INDUSTRIE) 



The present search report has heca drawa up for all daioas 



Relevant 
to I 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL6) 



1-15 
1-15 



A61M1/34 
A61M1/16 



1-3,5-lE 



TECHNICAL FIELDS 
SEARCHED (lat-Cl.©) 



A61M 
G01N 



8 
I 

i 
8 
s 

m 

O 
u, 

O 



Place ml tcatk 



THE HAGUE 



D«* mt cn^ tett — of the itvd 

19 October 1995 



Michels, N 



CATEGORY OF CITED DOCUMENTS 

X : particalariy relevant if taken alooe 

Y : particularly relevant If eonUacri with another 

•ocutaeat of the sane category 
A : technological backgroaaa 1 
O : aoa-vmttcn disclosure 
P:int« 



T : theory or principle uaccriyiag the nvartioa 
E : earlier patent aocuneat, but published do, or 

after the filing date 
D : document died hi the application 



« : aMiaber of the i 



e patcat family, correspooeiag 



BNSDOCID: <EP_ 0693297 A 1 J_> 



9 



